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BARLEY SIDE-SHOW 
Figure 1 

The odd variations in heads and plants shown here are examples of a much larger 

number which have appeared in a long-term barley breeding experiment at Aberdeen, Idaho. 
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BARLEY FREAKS 


M. L. Martini, Assistant Botanist, and H. V. HARLAN, Principal Agronomist 


Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. S. Department of Agriculture 


HE story of the many unusual 

barleys produced in the extensive 

breeding experiments conducted at 
the Aberdeen substation, Aberdeen, Ida- 
ho, has two distinct chapters. It began 
as a side-line of one of the major breed- 
ing projects in which 378 crosses were 
grown in bulk for eight generations be- 
fore selections were made. An acre of 
ground was space-planted to afford a 
chance to choose desirable plants. At 
harvest time it was noted that an under- 
growth of small abnormal sorts was to 
be seen over the field. A hundred or 
more of these were saved and planted 
the following year: 

Chapter two took care of itself. When 
these forms were grown as a unit, they 
attracted the attention of all station visi- 
tors. This public interest suggested the 
desirability of attempting to increase the 
number of striking sorts by hybridiza- 
tion, using not only this collection, but 
also incorporating striking forms that 
had appeared previously. This never be- 
came a major project. Random crosses 
were made when time could be spared 
from other work. We have regretted 
that we did not give this major status, 
since many unexpected things have come 
out of what started as a stepchild. 

The more unusual parents included 
the types named Grandpa, Fine Stripe, 
Hoodawn, Multiflorus, Many-noded 
Dwarf, Mary’s Dwarf and Lyallpur. 


Grandpa was found by G. A. Wiebe as. 


a variation in Lyallpur (C. I.* 3395). Its 
novelty lies in the absence of color in 


the spike. The spikes, including the 
awns, are white from emergence to har- 
vest. Fine Stripe was found as a segre- 
gate in one of the above-mentioned 378 
crosses at Aberdeen. It is homozygous 
with fine white stripes on the leaves and 
would be a decorative border plant. 
Hoodawn, also, was an abnormal segre- 
gate of another of the same group of 
crosses. It is characterized by two awns 
or sometimes hoods on either side of 
the normal hood. A homozygous form 
with three awns on each lemma has been 
produced by crossing the Hoodawn with 
a normally-awned variety (Figure 24). 


Multiflorus occurred in a hybrid of 
Karl Hansen’s in Denmark. A large and 
varying number of flowers are produced 
at each node. The spike is so crowded 
with seed that it is round, having little 
superficial resemblance to barley (Fig- 
ure 1B). 

Many-noded Dwarf occurred at Aber- 
deen in a strain of Nudum. It produces 
a large number of internodes, a small 
culm, and a modified spike with few 
seeds. Similar variations have since been 
found in other lines. 

Mary’s Dwarf came from the bulk hy- 
brid population of 378 crosses at Aber- 
deen. It is a low-growing dwarf with 
good seed habits. 

Lyallpur, although normal in appear- 
ance, was included because we had rea- 
son to believe it was responsible for 
some of the abnormalities found in our 
bulk hybrids. 


*C. I. refers to accession number of the Division of Cereal Crops and Diseases. 


Some of these have value in genetic studies,.and others have practical value to the breeder. 
Many are merely curiosities. 4 shows a plant of the Veiled Nun variation. a semi-dwarf form, 
with the upper leaves much curled, and the spike not excerted from the sheath. B is a multi- 
florous barley with crinkled awns on the lower two-thirds of the spike. C is a variation with 
wide outer glumes with hoods. D is a pompom type, — the spike being almost spherical when 
green, and having considerable ornamental value. E is a variation with traces of hoods so 
sub-sessile that the tips of the kernels are exposed. Since the stigma is also exposed this type 
frequently produces field-hybrids — a rarity in normal barley. F is a two-rowed barley in which 
the hood is reduced to a sub-sessile lip-like projection. G is a semi-multiflorous type, with an 
irregular kernel arrangement and sterile flowers toward the tip. These variations have mostly 
arisen among the naturally self-fertilized progeny of artificial crosses. 
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TRIPLE BEARD AND ULTRA-DWARF 
Figure 2 
The triple-bearded variation (4) has three awns on each lemma where one is normally 
found. The ultra-dwarf variation (B) is so tiny that the entire plant is no larger than the 
spike of a normal-sized plant — both photographs being natural size. The ground-line is in- 
dicated by the arrow, and only two-thirds of the plant as shown are above ground. 


While incidental, the decorative fea- 
ture of the collection is not inconsider- 
able. The mass of strange forms in it- 
self is attractive and some of the individ- 
ual types are particularly so. Some of 
the dense-hooded types form spikes that 
are pompon in shape, and they are pro- 


duced in profusion. There are sorts with 
brilliant red awns at ripening time, some 
with curved necks, and others with high- 
ly decorative foliage. The whole is much 
more of a garden of ornamentals than 
might have been thought possible in a 
single species of grass. 


if 
df | \ tf 
, 
[ 


Martini and Harlan: Barley Freaks 


ACCORDIAN RACHIS 


Figure 3 


A zig-zag rachis that has long elastic seg- 
ments is found in all plants descending from a 
single kernel. This sudden fixing of a homo- 
zygous type is favored in barley by the fact 
that natural self fertilization is the rule. 
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Hoods 


A strange variation of barley occurred 
in Nepal probably within the last 200 
years. The awn was replaced with a 
floral structure that looks like a monk’s 
hood. It usually contains both stamens 
and ovary. In the original barley the 
hood was sessile; that is, seated directly 
on the tip of the lemma. We have homo- 
zygous strains in which the hood is ele- 
vated on awns two inches in length. We 
have ones in which the hood is sub-ses- 
sile, being seated so far down on the 
lemma that the kernel is exposed. In 
this case the flower is exposed at all 
times and field hybrids are common. 
Hoods occur on the outer glumes not 
only when these are wide but when they 
are narrow. Sometimes the fertile flow- 
er produces a hood while the outer 
glume is awned. We had thought that 
this was a matter of nutrition, but a form 
occurred recently in a hybrid population 
where the outer glume is hooded while 
the lemma is awned. 


As before stated, the hood is a floral 
organ. These flowers vary greatly in 
size. In a few of our strains, occasional 
seeds are produced. Strange to say, these 
are not the strains with the largest hoods. 


Grandpa 


Previous mention has been made of 
the plant found by G. A. Wiebe which 
has no chlorophyl in the awns or glumes, 
the whole head being perfectly white. 
Because of the white beard, he called it 
“Grandpa.” We have crossed this on 
other forms. We now have it hooded 
(Grandma). We also have it developing 
black at maturity (black Grandpa and 
black Grandma). We have it with just 
a little black (dirty Grandpa). We have 
it with anthocyanin which here is pure 
red instead of purple. When the antho- 
cyanin is in the seed, it shows through 
the glume just before ripening as a sky 
blue. We have crossed Grandpa with 
various dwarfs, and have it in sorts six 
inches in height. The seed habits on all 
are good. There is no sterility, but the 
seeds are smaller or at least fill out less 
than average. 
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Leaf and Culm Variations 


The homozygous striped-leaved strain 
has been mentioned elsewhere. There 
are many strains with much _ twisted 
leaves that are homozygous for this char- 
acter. A few strains occurred that pro- 
duce what appear to be auricles on the 
leaf margins. These structures are tem- 
porary and usually have dropped off by 
harvest time. Their production is ir- 
regular. 

No effort has been made to increase 
the height of barley. Many extremely 
short types, however, have come out of 
the crossing of dwarves. Some of these 
are much shorter than anything among 
the parents. Some have spikes that bare- 
ly protrude from the ground. Strains 
have been produced in which the longest 
culm does not exceed three inches. The 
shorter culms in such plants are often 
less than one inch. Of course, such bar- 
leys have very little leaf exposure and 
are not vigorous. One type does not 
produce seed or even spikes in Washing- 
ton, D. C., but does produce seed at 
Aberdeen, Idaho. Several selections at 
Aberdeen from five to eight inches in 
length have very good seed habits (Fig- 
ure 2B). 

The culm has many characters other 
than length. In one selection the callus 
at the nodes often splits. In another 
strain the nodes are very crisp and are 
easily broken by slight pressure when 
they are still green. 


Rachis Variations 


In cultivated barleys, the rachis inter- 
nodes vary considerably in length, this 
variation being responsible for our dense 
and lax types. Among the segregates of 
these crosses are some with shorter 
rachis internodes than are found in any 
cultivated varieties, and others in which 
the previous maximum rachis internode 
length is exceeded. In other strains the 
lower internode of the spike is elongated. 
In others, internodes at some point or 
other in the spike are elongated some- 
what and produce no flowers at one or 
two nodes. These characters are herita- 
ble. but sometimes not fully expressed 
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on all plants. One variation occurred in 
which the full-sized rachis extended 
naked beyond the tip of the spike; that 
is, beyond the last node bearing flowers. 

The most interesting variation found 
came from one of twin kernels. One ker- 
nel produced a many-noded dwarf prob- 
ably normal for the hybrid in question. 
The other kernel produced a plant nor- 
mal in size and character, but with a very 
unusual rachis. The rachis segments 
were long and curved in such a way that 
the effect was a zigzag rachis that is 
elastic under tension. This variation is 
homozygous, and is expressed in all 
spikes at Aberdeen (Figure 3). 

Just found is a 14-rowed barley. It 
came out of a cross of triple-awned lem- 
ma X Afghan. It is apparently a modi- 
fication of a two-rowed sort. If our in- 
terpretation is correct, the central kernel 
is present and normal. The outer glumes 
of this flower are wide and contain floral 
organs and a palet. The floral organs 
are fertile, producing kernels. This 
makes the three kernels at a node ap- 
pear as though they had no outer glumes. 
On either side of these three kernels 
there are two sterile flowers and no out- 
er glumes. This may mean that the ster- 
ile flower of the two-rowed barley is 
missing, and the outer glumes are re- 
placed by sterile flowers. 

The stability of this form is not yet 
known as it was found in 1941, and a 
second generation has not yet been 
grown. It does indicate a variation in a 
direction not previously suspected. 


New Genetic Material 


The genetic picture of barley undoubt- 
edly will be further rounded out in the 
future. Not only is this problem one 
which is being attacked in many species, 
but barley is particularly attractive, since 
with only seven chromosomes it displays 
enormous variation. All new variations 
heve great value in properly mapping 
the inheritance. From the experience in 
these crosses, it would seem that the 
mating of abnormal plants offers a fertile 
field for the searcher for new characters. 
In this somewhat haphazard project. a 
number of genetically useful ones have 
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arisen. Others bear all the appearance of 
being useful, but are not yet tested. 
Among the more promising variations 
are the following: 

A strain in which the rachis extends 
beyond the tip; a barley with three awns 
on the lemma; and one with a zigzag 
rachis (the latter two are illustrated). 
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Many of the variations mentioned in 
this paper are illustrated in Figures 1-3. 

There are many others which proba- 
bly would not classify readily, or are ex- 
pressed too infrequently to be useful. 
It is not certain, however, that additional 
crossing may now emphasize these pe- 
culiarities until they are serviceable. 


Tumors in Ciliates 


HE book* presents the results of ex- 

perimental investigations on the af- 
fect of blastogenic agents on ciliates. The 
problem which is stated in the first chap- 
ter is based on the fact that while at- 
tempts have been made to find some com- 
mon factor in the many agents which 
produce tumors, the common change 
which must be present in the cells’ re- 
sponse to them has been very little in- 
vestigated. Since the author is specifi- 
cally interested in the reaction of cells 
rather than of organized tissues, he uses 
an unicellular animal, Paramecium sp. 

The following blastogenic agents were 
employed: (1) Cyclic hydrocarbons in 
colloidal emulsions, (2) ultraviolet radi- 
ation, mercury vapour lamp, (3) Gam- 
ma radiation from radium, (4) Heat and 
cold, (5) Hypertonic dextrose, (6) High 
H-ion concentrations (butyric, acetic 
and carbonic acids). 

He is able to list several changes 
which all these agents produce. These 
are an increase in the viscosity of the 
cytoplasm, especially the ectoplasm ; this 
leads to prolongation of the time of cell 
division and occasionally to an inhibi- 
tion of fission of cells. The cells re- 
organize after inhibited fission as doubles 
and if fission is inhibited through several 
cell divisions quadruplets and giant mul- 
tiples are formed. When the abnormal 
cells are removed to normal medium they 
give rise to abnormal cells; thus “prone- 
ness to abnormality is transmitted.” 

After describing his experimental ob- 
servations the author calls attention to 
the similarities in the behavior of Para- 
mecium and in experimental tumor for- 
mation in vertebrates. His thesis in this 


connection is that “If in the production 
of tumours the agents initiate a common 
cellular change, as they have been seen 
to do with Paramecium, then the agents 
should summate in tumour production.” 
He cites experiments of several investi- 
gators to support this view. 

He considers the theory of gene mu- 
tation as the cause of tumor formation 
disproved by the fact that the gene dis- 
turbance is much greater in tumor cells 
than the mutation of a single gene in a 
single chromosome and that only a very 
few agents and radiations produce gene 
mutations while many produce tumors. 

In the final conclusion the author pre- 
sents a “Cytoplasmic Hypothesis,” the 
main points of which are: The experi- 
ment with Paramecia supports the fact 
that the blastogenic agents have a direct 
action on the cells ; the changes produced 
start in the cytoplasm and affect primari- 
ly dividing cells by an inhibition of fis- 
sion resulting in the formation of poly- 
morphism. The mutant change appears 
to take place primarily in the cytoplasm 
as an irreversible differentiation rather 
than a gene change. 

The hypothesis is interesting and stim- 
ulating and is in accord with the ob- 
servations on Paramecium and on some 
of those reported in the experimental 
tumor formation. It does not explain 
such problems as the inherited tendency 
to spontaneous tumor formation in verte- 
brates and the differences which exist in 
the reaction of different inbred strains to 


the same blastogenic agent. 
E. FEKETE 
Jackson Memorial Laboratory 


*The problem of tumours: An experimental investigatiton. By J. C. Mottram pp. 91, 


Hf. K. Lewis & Co., Ltd., Lorton, 1942. 


BADGETT QUADS’ FIRST BIRTHDAY 
Figure 4 


The upper picture shows Jeraldine having her fingerprints made, while her mother and 
Jeanette, Joan and Joyce look on. The lower is a candid camering of Joyce, Jeanette, Jeraldine 
and Joan at play during the birthday celebration. 
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STUDIES OF QUADRUPLETS . 


IV—tThe Badgett Quadruplets 


Iva C. GARDNER AND H. H. NEwMAN 


S was stated in the previous paper 
A of this series, there is probably 
only one zygotic type of two-egg 
quadruplets, namely, that consisting of a 
set of one-egg triplets and a singleton 
sibling, for we have already given our 
reasons for believing that the theoreti- 
ly possible type of two-egg quadruplets, 
consisting of two pairs of one-egg twins, 
rarely if ever occurs. 

From the standpoint of sex distribu- 
tions within sets of two-egg quadruplets, 
four types should occur with equal fre- 
quency: four males, four females; three 
males and one female; and one male and 
three females. The Badgetts belong to 
the second type. 


The Badgett Quadruplets 


The Badgett quadruplets were born 
in Galveston, Texas, on February 1, 
1939. The attending physician, Dr. W. 
J. Jenkins, expected their birth about 
the middle of March, so that these quad- 
ruplets were considerably premature as 
is a general rule for multiple births high- 
er than twins. Just why multiple births 
are prevailingly premature has never 
been clearly explained. 

At birth, three of the quads (Jeraldine, 
Jeannette and Joyce) were almost ex- 
actly the same weight: respectively, 3 
Ibs. 1334 0z.; 3 Ibs. 1334 0z.; and 3 Ibs. 
14 oz. The fourth baby, Joan, was near- 
ly a pound heavier, weighing 4 Ibs. 
9Y% oz. 

The obstetrical details of the birth 
have previously been reported in this 
JournaL.? On the basis of the placental 
structure the quads were diagnosed by 
Dr. Sinclair as trichorionic and there- 
fore trizygotic, a diagnosis with which 
we find ourselves in disagreement. In 
a later connection, after we have had an 
opportunity of presenting our data con- 


cerning physical resemblances and dif- 
ferences among the four children, we 
shall discuss this disagreement in diag- 
nosis in some detail. : 
When the Badgett quads were born 
they received a large amount of publicity. 
It was even predicted that they might 
turn out to be almost as much of an 
attraction as the Dionne quintuplets, but 
this was, of course, a considerable exag- 
geration. These quads have however en- 
joyed, if “enjoyment” it could be called, 
a great deal of public interest. Like the 
Dionne quintuplets, they have regular 
scheduled hours for visitors. At first the 
babies were merely held up in front of a | 
window to be viewed by spectators gath- 
ered in front of the house, but later on, 
visitors were allowed to observe them as 
they played in the nursery. It is stated 
that at the end of the first year more than 
500 persons per week had registered to 
see the quads at play. It has never been 
feasible to let the little girls play out- 
doors, for whenever it was attempted 
crowds soon gathered to watch them. 
Thus the Badgett parents face to a lesser 
degree the same difficulties of bringing 
up their children in a normal way as 
have always confronted the parents and 
guardians of the Dionne quintuplets. 
While this paper was being written 
we were informed that the Galveston 
Chamber of Commerce had sponsored 
a successful drive to raise $20,000 for 
the purchase of a suitable home for the 
quads and their parents, that the family 
had moved into their new home in 
November, 1941. The quadruplets’ third 
birthday was celebrated with a party on 
February 1, 1942, and all contributors 
to the house fund were invited as guests 
of honor. In this new home an effort 
is being made to bring up the children 
in as normal a way as possible under the 
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circumstances. They are being educated 
as individuals, not as a group. 


Physical Resemblances and 
Differences 


When the Badgett quads were one 
year old Dr. Gardner compared and 
measured them, and Table I gives the 
data obtained at that time. 

In addition to the data given in Table 
I it is very easy to see from the accom- 
panying photographs (Figures 4 and 5) 
that Jeraldine, Joyce and Jeannette are 
extremely similar in features and ex- 
pressions and are difficult to distinguish | 
one from another, but that Joan is quite 
different from the others in many ways. 


Dermatoglyphics of the Badgett 
Quads 


Palm and Finger Prints 
The only palm and finger prints avail- 
able to us at the present time were made 
by Dr. Gardner when the quads were 
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one year old. It is a difficult task to 
get prints of any sort from lively, active 
babies of that age and these first prints 
are not all that might be desired. The 
palm prints are moderately satisfactory, 
lacking only one or two triradii. The 
formulation given below is tentative, un- 
til better prints are available. The finger 
prints are also only partially satisfactory 
in that, although a pattern formulation 
is quite easy, the individual fingers were 
not rolled in printing and in some prints 
part of the pattern is missing. This de- 
fect makes accurate ridge counting im- 
possible. 

In size and shape of palms and in tex- 
ture of friction ridges there is an ex- 
tremely close correspondence among the 
first three, Jeraldine, Joyce and Jeanette ; 
but the palms of Joan are distinctly larg- 
er than those of the other three and the 
texture of the ridges much coarser. 
When palm formulae alone are consid- 
ered it seems that Joan is more like 
Jeraldine than are either of the other 
two, while Jeanette differs most widely 


TABLE I. Physical Characters At One Year 


CHARACTER JERALDINE JOYCE JEANNETTE JOAN 
Standing height__ 70 cm 69.5 cm 74 cm 74 cm 
Sitting height. 44 cm 43 cm 43.5 cm 45.7 cm 
Weight 19 lbs 19 Ibs. 19 Ibs. 21.5 lbs 
Head length 14.7 cm 14.6 cm 14.7 cm 15.3 cm 

phalic index... 6! 

Hair color... Very fair Very fair Very fair Light brown 
Hair character. Fine and curly — Fine and curly Fine and curly _ Fine but straight 
Eye color. Light blue Same as Same as Grayish blue, no 
a with Jeraldine Jeraldine brown flecks 
rown 
No. of teeth... 5 4 4 4 
Palm Print Formulae 
Left palm Right palm 
Jeraldine 7.5/7.5’ 4 -?-L'.0.0.0.L 7.5/7.5’ H-?-L'.O.0.0.L 
Joyce 7.5/7.5’ -?-A".0.0.0.L 7.5/7.5’ 4 -?-A".0.0.0.L 
Jeanette 9.9. 5’.H-?-L'0.0.L.d ?-A".0.0.0.L 
Joan 7.5/5 H-?-L".0.0.0.L 
Finger Print Formulae 
Left hand Right hand 
Jeraldine W. W".U. U. U WwW". Wr. U. U. U 
Joyce Wwe. Wr. U. U. U W. W.U.U.U 
Jeanette Ww", wr. U. U. U U. U. U 
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TWO YEARS OLD 
Figure 5 
Four birthday cakes, each with two candles. The three young ladies on the left, Jeraldine, 
Jeanette and Joyce, are identical triplets. Joan on the right is a “sibling” who happened to be 
born at the same time. She differs from the others in hair and eye color and in other ways. 


from the others in main line formulae. 
With respect to palmer patterns, it is to 
be noted that Jeraldine and Joyce, who 
are regarded by the parents as the most 
nearly identical of the group, differ 
markedly with respect to hypothenar pat- 
terns. Jeraldine has a large, well-defined 
radial loop on each palm, while Joyce 
has only the most reduced of all pat- 
terns, ulnar arches, which are regarded 
by many workers in this field as absence 
of pattern. Jeanette’s left palm is like 
Jeraldine’s left in its palmar patterns, 
but her right is more like Joyce’s right. 
The two palms that on close inspection 
of minutiae (not merely comparison of 
formulae, for palms with the same form- 
ulae are often very different in general 
appearance and in minute detail) are the 
right palms of Joyce and Jeanette, which 
are all but identical. On the whole, on 
the basis of these somewhat imperfect 
palm prints, the inter-resemblances of 
Jeraldine, Joyce and Jeanette are about 
equal and offer no basis for diagnosing 
any one of the three as being derived 
from a separate zygote. On the basis of 
palmar formulae alone Joan would also 


have to be included with the others as 
the fourth member of a set of one-egg 
quadruplets, but she must be adjudged 
as a “sibling” of the others because her 
palms are distinctly larger and the fric- 
tion-ridge texture much coarser. 

The finger-print formulae strongly re- 
inforce the diagnosis based on palm 
prints. Jeraldine, Joyce and Jeanette 
have large whorls on at least three fin- 
gers, whereas Joan has ulnar loops on 
all ten fingers. A further correspondence 
among the first three is that the index 
finger of both hands of all of them ex- 
hibits a rather rare radial twist. On the 
whole, then, analyses of palm and finger 
prints, especially the latter, strongly in- 
dicate that the Badgett quadruplets are 
a two-egg set, consisting of a set of one- 
egg triplets and a “singleton sibling.” 


Fetal Membrane Method Versus 
Method of Diagnosing 
Multiple Births 


At the risk of repeating what has often 
been said before, we must say once more 
that the membrane method of diagnos- 
ing the zygotic origin of twins and mul- 


| 


348 


tiple human births has had to be aban- 
doned by twin specialists. It has been 
found that a considerable fraction of twin 
births, diagnosed at birth as definitely 
dichorionic, turned out on later careful 
examination to be among the most near- 
ly identical pairs in a large collection of 
twins. Hence there seemed no escape 
from the conclusion that some dichorion- 
ic cases are monozygotic. 

In the case of the Badget quadruplets 
it seems to us that the afterbirth consist- 
ed of two distinct placentae, the smaller 
one simple and the larger doubly com- 
pound. We know that Joan was at- 
tached to the smaller placenta and was 
doubtless derived from a separate zygote, 
a conclusion born out by the similarity 
method of diagnosis. The larger placen- 
ta possessed two chorionic membranes, 
but there was no evidence that this pla- 
centa was a product of the fusion of two 
originally separate placentae. One of 
these chorionic membranes contained one 
fetus and the other two fetuses, each 
with its own amniotic membrane. Our 
interpretation of this condition is that 
the zygote which gave rise to the com- 
pound placenta underwent an early twin- 
ning division, probably prior to the stage 
of the trophoblast and inner-cell-mass, 
and that each of these twin primordia 
formed its own chorion, and that one of 
these first twin primordia subsequently 
underwent double gastrulation (or dou- 
ble axis formation), giving rise to sec- 
ondary twins within a common chorion. 
If this interpretation be correct the 
Badgett quadruplets represent an in- 
stance, probably very rare, of dizygotic, 
trichorionic quadruplets. 


Mental Ability and Personality 
Traits 


Although it may seem futile to at- 
tempt an assessment of the mental abili- 
ties of year-old infants, certain tests have 
been devised for this very purpose. One 
of these is the Kuhlmann-Anderson test, 
which was administered to these infants 
by Dr. Gardner. The results, for what 
they may be worth, are given as fol- 
lows: 
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Mental Age I1.Q. 
Jetaldine year 100 
Joyce 1 year 100 
Seanewte 1 year 100 
Joan 14 months 116 


In view of the fact that these babies 
were about six weeks premature and 
therefore only 10% months old in devel- 
opment, their mental ability should be 
regarded as well above the average. That 
the three adjudged on physical grounds 
to be one-egg triplets are all equal on 
this test, while Joan, the “sibling,” dif- 
fers materially, in fact is considerably 
superior in ability, lends support to the 
earlier diagnosis. 

When the quads were two years old 
they were given a different test, the 
Stanford Revision of the Binet-Simon. 
On this test the results were as follows: 


I.Q 

Jeraldine 112 
116 
Jeanette 112 


Here again the one-egg triplets were 
highly similar, while Joan made a dis- 
tinctly higher score. Not only was this 
shown in the actual scores, but she was 
much quicker and brighter in her re- 
sponses. The results are further con- 
firmatory of the earlier diagnosis. It is 
planned to test these children again on 
their third and subsequent birthdays. 

With respect to personality traits, it 
may be said that Joan is the leader in 
everything. She learned to walk first 
and seems to enjoy attention more than 
the others. Joyce seems the most con- 
tented and is the best natured. Jeraldine 
is the quietest and most timid. Among 
the one-egg triplets Jeanette is more like 
Joan than are the other two, but is much 
less of a leader than is Joan. 


Is the Tendency for Mulitple Births 
Hereditary ? 


In this case there is strong evidence 
that the birth of these quadruplets has a 
genetic background. In the first place, 
Mrs. Badgett, the mother of the quads, 
is one of a pair of one-egg twins. In 
the second place, Mr. Badgett, the father, 
has a pair of twin brothers, whose zy- 
gotic type has not been determined. In 
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MULTIPLE BIRTHS IN THE ANCESTRY OF THE BADGETT QUADRUPLETS 
Figure 6 

In the two generations of direct and collateral ancestry of the Badgett quadruplets there 
have been five sets of twins and one set of triplets. The tendency toward multiple births appears 
in both the father’s and mother’s ancestry, with most of the cases among the mother’s relatives, 
she herself being an identical twin. The great uncles of the quads (II-9, 10) were thought to 
be identical twins. They are the first multiple births known in the ancestry, though a record for 
earlier generations might reveal other instances. The two sets of twins (III-11 and 12, and 
III-13 and 14) are first cousins of the mother of the quads (III-15). It is not known whether 
III-11, 12 are identical, but the other pair (III-13, 14) are obviously fraternal, being of different 
sex. The triplet second sousins of the quads (IV-7, 8, 9) are thought to be identical. The mother 
of the quads and her sister (III-15, 17) are identical twins. On the paternal side there is only 
one pair of identical twins (III-7, 8), brothers of the quad’s father (III-6). Chart prepared by 


Miss Carol Royston of Baylor University, who assisted with the tests made on the quads. 


the third place, there have been several 
twins among the close relatives, espe- 
cially those of the mother of the quads. 
Although the pedigrees are incomplete, 
we know that a pair of maternal great 
uncles were twins, probably one-egg 
twins; that among Mrs. Badgett’s first 
cousins there are two pairs of twins, one 
a boy-girl pair and therefore of the two- 
egg type, the other both girls of unknown 
zygosity; and finally, and most signifi- 
cantly, there is a set of probably one-egg 
triplet girls who are second cousins of 
the quadruplets. The accompanying 
pedigree chart (Figure 6) gives the 
facts on which our conclusions are based. 

There is some mysterious connection 
in this as in other twinning pedigrees be- 
tween one-egg and two-egg twinning. 
Various theories, some of them quite far- 
fetched, have been brought forward to 
account for the fact that both types of 
twins occur in the same pedigrees. At 
the present time we are inclined to re- 
gard the two-egg twinning tendency as 
weakly inherited and the one-egg twin- 
ning tendency as in some way dependent 
upon or at least favored by two-egg 
twinning. This view is not new, but was 


proposed years ago by both Stockard 
and Newman. 

The theory holds that in two-egg twin- 
ning the first embryo to reach the uterus 
and to become implanted tends to de- 
sensitize the uterine mucosa for the im- 
plantation of further embryos; that, if 
this desensitization is incomplete, a sec- 
ond embryo may become implanted, but 
only after some delay. In accordance 
with the general physiological theory of 
one-egg twinning long upheld by one of 
us, this delay in implantation would suffi- 
ciently de-axiate the embryo to favor its 
division into twin primordia or stimulate 
a repeated division into quadruplet or 
quintuplet embryos. 

It often happens in multiple births, as 
in the present quadruplet set, that both 
one-egg and two-egg twinning occur in 
the same pregnancy. In the present case 
the theory would be that the first em- 
bryo to become implanted was Joan, that 
the second embryo, descending the tube 
somewhat later, was delayed in implanta- 
tion. As a result of this it underwent an 
early division during the cleavage period 
into two cell masses, each of which de- 
veloped its own chorionic membrane. 
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Later, prior to axis formation, one of 
these latter products of early twinning 
underwent a second twinning division re- 
sulting in two embryos within a single 
chorion, 

The chief weakness of this theory will 
doubtless have -occurred before this to 
the reader. He will at once recall the 


fact that one-egg twins, one-egg triplets | 


and higher monozygotic sets show no 
signs of having been associated with ad- 
ditional zygotes, but it must not be for- 
gotten that the prenatal mortality of 
twin and multiple embryos is very high 
and that there is a possibility that one- 
egg twins may be survivors of sets orig- 
inally three or more in number derived 
from more than one zygote, and that the 
embryos derived from the other zygotes 
might fail to develop. This situation may 
not seen very probable, but it is more 
plausible than are some of the theories 
advanced by those who attempt to ac- 
count for the connection between one- 
egg and two-egg twinning on other 
grounds. So we tentatively offer the 
above hypothesis in want of something 
better. 
Summary 

The Badgett quadruplets are diag- 
nosed by us as a set of two-egg, trichori- 
onic quadruplets. The set consists of 
four little girls, three of whom (Jerald- 
ine, Joyce and Jeanette) are inseparable 
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on any grounds known to us and are 
therefore adjudged to be one-egg trip- 
lets. Physically, as is shown in the pho- 
tographs, they are as similar as almost 
any pairs of one-egg twins. They are 
also inseparable on the basis of palm and 
finger-prints, which though rather inade- 
quate, are at least consistent with the 
above diagnosis. Finally, the triplet girls 
are essentially equal in mental ability. 
In all these respects they differ much 
more from Joan, the fourth member of 
the set, than they do among themselves. 
Joan, then, is diagnosed as a “sibling” 
of the one-egg triplets. This diagnosis “is 
not inconsistent with, or at least not ir- 
reconcilable with that of Dr. Sinclair, 
who thought that because the set was 
trichorionic it must be trizygotic. 


There is strong evidence of a genetic 
basis for multiple births in the present 
case, which a perusal of the accompany- 
ing pedigree will make clear. A theory 
to account for the frequent occurrence 
of both one-egg and two-egg twins in the 
same pedigree is presented and dis- 
cussed. 
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+ 
WARTIME MARRIAGES 


46@HALL They Marry in Wartime?” 

is the timely title of an article by 
Dr. Katherine Taylor in the April 1942 
Journal of Home Economics, which gives 
careful and sympathetic consideration to 
many aspects of this urgent and perplex- 
ing question. She cites data to show a 
higher than normal divorce rate for mar- 
riages contracted during and immediate- 
ly after the last war, but she does not 
bring in an unconditional verdict against 
war marriages provided the prospects 
for stability are reasonably good. Such 
prospects of course vary from case to 
case, and are best when the marriage 


partners have been engaged long enough 
to know each other well and to feel se- 
cure in their love. The author believes 
that courses on marriage and marriage 
counselling services are desirable aids 
to facing realistically the problems of 
wartime marriage and of post-war mari- 
tal adjustments. 

The problem of a post-war surplus of 
women is dealt with frankly, the author 
admitting that large numbers of young 
women will never mary unless they mar- 
ry now. She might have added that an 
equal number of young men will never 

(Continued on page 368) 


INTERSPECIFIC CROSSES IN SETARIA 


II. Cytological Studies of Interspecific Hybrids Involving: 
1, S. faberii and S. italica, and 2, a Three Way Cross, 
F, of S. italica < S. viridis and S. faberii.* 


C. H. Li, W. K. Pao ann H. W. Lif 


several species of foxtail millets im- 

portant as crop plants, a polyploid 
series has been found. The chromosome 
numbers range from 9, 18, 27, to 36 
for different species.t These are obvi- 
ously multiples of nine, the indicated 
basic number. In our earlier studies, 
we hypothesized that Setarias with the 
basic number nine are more primitive. 
Those with higher numbers are the re- 
sult of hybridization in nature of species 
with unlike genoms followed by chromo- 
some doubling. In order to test this 
hypothesis, Setarias with unlike chromo- 
some numbers as well as those with like 
numbers, are being crossed together, 
so as to determine their genom con- 
stitution. So far we have succeeded 
in obtaining a cross involving Setarias 
with nine chromosomes, italica and viri- 
dis, and a second cross between a species 
having nine chromosomes. The cyto- 
logical and genetical studies of the first 
cross have already been published; the 
cytological studies of the second cross 
are here reported. 


Material and Methods 


There have been many attempts made 
to cross these Setarias with nine and 18 
chromosomes in the past few years. A 
number of seeds were obtained in 1940, 
but only two of them proved to be true 
hvbrids. One was the result of the 
cross, S. faberti Herrn. X S. italica (L.) 
Beauv. The faberii used was found along 

the roadside in Chengtu, and the italica 


| N the genus Setaria, which contains 


was the same strain used in our former 
italica and viridis cross. The hybrid 
plant was numbered 1396. 

Another hybrid plant, 1405, involved 
the Fs of a cross between S. italica and S. 
viridis with S. faberii, a three way cross. 
Unfortunately, the culture number of the 
Fy: plant was lost, but it could be recalled 
that this plant used as the female parent 
was somewhat like viridis, with numer- 
ous small and dense tillers. Further- 
more, its plant and bristle color was not 
tinged with purple. The hybrids were 
planted in earthen pots. Flowers for 
cytological examinations were fixed in 
acetic-alcohol mixture. Aceto-carmine 
was used exclusively in the cytological 
studies. The drawings were made with 
the help of camera-lucida with a magni- 
fication of 1330 X. 


The F, Plants 


The only character that identifies 
plant 1396 as a true hybrid between S. 
faberut arid S. italica is its long slender 
head (Figure 7C), which surpasses the 
italica parent and is about twice as long 
as the head of faberii. In width the head 
is somewhat larger than that of faberii 
but about the same as that of italica, the 
taller of the two. In other characters, 
the hybrid plant resembles very closely 
the female faberii parent. When the hy- 
brid plant begins to flower, its anthers 
do not dehisce. This together with the 
cytological evidence clearly establishes 
its hybrid nature. . 

Plant 1405 can be identified as a true 
hybrid even in the seedling stage by the 


*This is a series of reports on the study of the phylogeny of Setaria. Contribution from 
the Department of Farm Crops, the Szechuan Provincial Agricultural Improvement Institute, 
Chengtu, Szechuan, China. Authorized for publication by the Director as Journal paper No. 2. 

tAssociate agronomists and head of the department respectively. 

tL1, C. H., W. K. Pao, and H. W. Lr. Cytological and genetical studies of interspecific 
cross, S. italica (L.) Beauv. and S. viridis, L. (in press). 
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purple plant color derived from faberti, 
the male parent. Its ear-head is about 
as long as that of the male parent, faberit, 
and about the same width but is decided- 
ly longer and wider than that of the 
female parent, the F2 plant. Its anthers 
do not dehisce, as was true of the other 
hybrid plant. 


Cytological Studies 


Since the cytological aspects of these 
two hybrids are about the same, they are 
described together. 

First division:—In diakenesis, there 
are almost always nine bivalents and 
nine univalents as shown by examina- 
tion of more than a‘ hundred cells. A 
single exception was found, a cell with 
one trivalent, eight bivalents and eight 
univalents. As a rule, the larger bi- 
valents can be identified easily, but the 
smaller ones can hardly be separated 
from the largest univalents, especially 
since these often appear to be divided 
at this stage (Figure 94). Fortunately, 
the univalents are as a rule stained dark- 
er than the bivalents, so that distinguish- 
ing them is not difficult after careful 
study. 

In metaphase, the nine bivalents come 
to be lined up on the equatorial plate 
first, with the univalents scattered at the 
poles (Figure 9B). The split univalents, 
unlike the bivalents, are not regularly 
orientated on the spindle and they are 
usually located further away from the 
equatorial plate. As the bivalents begin 
to separate, the nine univalents line up 
on the equatorial plate (Figure 9C). 
However, they are irregularly arranged 
and seem to have no definite orientation. 
As soon as the half-bivalents reach the 
poles, the univalents begin to orient 
themselves on the spindle and start to 
divide (Figure 9D). The division of 
the bivalents is very regular, but tha: 
of the univalents seems not to be. Some- 
times, some of them remain undivided 
in the first division, and are included 
passively in the organizing nucleus in 
which they happen to lie. Furthermore, 
the divided halves of the univalents, 
monads, are not distributed to the two 
poles as a rule, but are apt to be in- 


HEADS OF SETARIAS 
Figure 7 
lleads of A—S. faberii; B—F2 of (S. italica 
xX S. viridis) S. faberii; C—S. faberti 
S. italica; and D—S. italica. 


sluded to the nearest pole. Thus, lag- 
gards are occasionally seen. 

Second division:—The dyads from the 
divided bivalents and from the undi- 
vided univalents are not easily distin- 
guishable during this stage. It is even 
difficult to separate the monads from the 
dyads. Consequently, the identity of 
the chromosomes can not be very well 
followed. In general, the metaphase is 
somewhat like that of the first division. 
Figure 9H represents a metaphase plate 
which is rather clear and more regular 
than the rest. On the left, there are 
probably 11 dyads, and probably nine 
dyads plus seven monads on the right. 
The dyads are lined up more or less on 
the equatorial plate, but the monads are 
scattered at random at the poles. How- 
ever, in many other cells that have been 
examined, the chromosomes are rather 
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POLLEN GRAINS OF PARENTS AND 
HYBRIDS 


Figure 8 

A—Pollen grains of S. faberii; B—of S. 
italica. C shows the grains of an Fy plant of a 
triple hybrid between (S. italica K S. viridis) 
x S. faberii; and D the pollen of a hybrid be- 
tween S. faberii and S. italica. It is believed 
that the sterility of these hybrids is due to the 
presence of three chromosome-sets in these re- 
lated species. 


irregularly arranged. This irregularity 
varies in degree in different cells. In the 
anaphase and telophase, as shown in 
Figures 9E and 9G, many lagging chro- 
mosomes are to be seen. As a result of 
this, spore quartets with micronuclei 
are frequently found (Figure 9F). 
However, a good many quartets which 
have been examined have spores of equal 
size and are free from micronuclei. Men- 
tion should be made here that polyspory 
has not been observed. 


Sterility 


The anthers of the hybrid plants do 
not dehisce. Examination shows pollen 
grains to be shrivelled and devoid of 
starch grains. A few grains, however, 
do seem to have some starch contents, 


but they are rather weakly stained with 
iodine. The size of such pollen grains 
varies. The largest grains in plant 1405 
approach the size of the grains of the 
italica parent; some are as large as the 
grains of the faberii parent. On the 
other hand, such supposedly normal 
grains of plant 1396 are rather diminu- 
tive in size, and are quite weakly stained 
(Figure 8D). Table I shows the per- 
centage of the normal and abnormal 
grains both in the parent and the hybrid 
plants : 

The percentage of the supposedly nor- 
mal grains of the two hybrid plants dif- 
fers greatly, 7.7 for 1396 and 36.2 for 
1405. Whether this is simply a chance 
variation or is due to some definite cause 
is not clearly understood. 

On selfing, plant 1405 gave two seeds, 
but plant 1396 gave none. Four seeds 
were obtained by back-crossing hybrid 
1396 to the italica parent, but none was 
obtained from the other hybrid plant 
even though many trials were made. Two 
other seeds were obtained from plant 
1405 by crossing with other species of — 
Setaria. Although the cytological aspects 
of macrosporogenesis were not studied, 
the high female sterility would indicate 
them to be similar to those of micro- 
sporogenesis. It may be mentioned that 
by treatment of the earhead of plant 1405 
just after emergence with different 
strengths of colchicine solution twelve 
seeds were obtained. This suggests that 
the chromosome number of the hybrid 
plant was doubled by the treatment, but 
this remains to be verified. 


Discussion 


By taking the basic chromosome num- 
ber of Setaria to be nine, the presence of 
nine bivalents and nine univalents in 
these triploid hybrids would mean the 
presence of two genoms. Both S. italica 
and S. viridis would possess genom A. 


TABLE I. Pollen sterility of the parents and the hybrid plants. 


Parent and hybrids 


Normal pollen Sterile pollen % of normal 
387 17 95 


S. italica 
S. faberit 447 4 99.1 
Hybrid 1396 98 1167 
Hybrid 1405 570 1003 36.2 
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CYTOLOGICAL FEATURES OF SETARIA HYBRIDS 
Figure 9 


A—Diakenesis showing nine bivalents and nine univalents (dark). B—Early metaphase 
showing the bivalents at the equatorial plate and the univalents near the poles. C—Metaphase or 
early anaphase with the bivalents beginning to separate and the univalents beginning to collect 
at the equatorial plate. D—Telophase with half bivalents at the poles and the univalents divid- 
ing. E—Anaphase II.; H—Metaphase II.; G—Telophase II. showing lagging chromosomes: 
F—Tetrads, showing micronuclei. 


| | 
| E 
\ 
| G 


Li et al: Millet Hybrids 355 


In addition to genom 4A, S. faberii would 
have genom B. If we should consider 
the tetraploid S. faberii to be the result 
of crossing in nature the Setarias with 
A and B genoms, followed by chromo- 
some doubling, there should be a Setaria 
with genom B. This, of course, may or 
may not exist at the present time. Genom 
analyses of all the known Setarias should 
elucidate this problem, and accordingly 
such analyses are in progress. 

In the case of pentaploid hybrids in 
Triticum, gametes with chromosome 
numbers close to 14 or 21 are more func- 
tional than others. Similarly in this trip- 
loid Setaria hybrid, spores with chromo- 
somes close to nine or 18 are more like- 
ly to be functional than are others. In 
other words, the sterility or, strictly 
speaking, the fertility of the hybrid is 
correlated with the balance of the chro- 
mosome complement. Unfortunately, 
since so few seeds were obtained from 


the hybrids, extensive studies of this 
phase of the problem could-not be made. 

Morphologically speaking, S. faberii 
very closely resembles S. viridis, the an- 
cestorial type of S. italica. From this 
study, it is concluded that S. viridis can 
be regarded as the progenitor that con- 
tributed the A genom. The source of the 
B genom is as yet unknown. 


Summary 


Triploid hybrid plants were obtained 
by crossing S. faberii with S. italica and 
F, of (S. italica X S. viridis) X S. 
faberii. Descriptions of the F; plants are 
given. Cytological studies revealed a 
constant association of nine bivalents and 
nine univalents for both hybrid plants, 
indicating that S. italica and S. viridis 
have genom 4 and that S. faberti has 
genoms A and B. 

Sterility in the hybrid plants was very 
high. 


A CASE OF FAMILIAL INHERITANCE OF OBLIQUE 
INGUINAL HERNIA 


M. F. Montacu 
Department of Anatomy, Hahnemann Medical College and Hospital, Philadelphia 


human species taken as a_ whole 


[: is probably true to say that in the 
every structure, or part of a struc- 


ture, of the human body is capable of 


showing some genetic defect. This is 
but another way of saying that any de- 
fect or abnormality of structure may 
have a genetic basis. Among the defects 
of human structure concerning the in- 
heritance of which we at present have 
little knowledge is the weakness of the 
abdominal wall which expresses itself in 
the various forms of hernia. The latest 
text-book on hernia tells us that “In our 
own day about 25 per cent of all cases 
appear to show a definite history of 
herniae in one or more progenitors.”? 
Watson gives the same figures, and 
adds that “Macready stated that a father 
having hernia tends to transmit a more 
marked predisposition to his sons than 
to his daughters, and a mother trans- 


HERNIA PEDIGREE 
Figure10 
The twins are young and their present dis- 
parity will possibly disappear later in life. 


mits a greater predisposition to her 
daughters than to her sons, and she 
seems to have a tendency to transmit 
femoral hernia more than any other va- 
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riety to children of both sexes. The 
tendency of hernial predisposition trans- 
mission from father to son and from 
mother to daughter may be explained 
partly by the fact that men are more 
subject to inguinal hernia, and women 
to umbilical and femoral hernia, by rea- 
son of conditions peculiar to each sex. 
I recall a patient with inguinal hernia 
associated with partially descended testis, 
who said that both his father and his 
paternal grandfather had the same con- 
dition.’ 

While Watson’s explanation of Ma- 
cready’s findings is partially true, it 
obviously does not explain the finding 
that the female tends to transmit femoral 
hernia, more than any other variety, to 
children of both sexes. From Watson’s 
own case, since no females are men- 
tioned, the precarious inference could be 
drawn that in this case the condition was 
due to a sex-linked dominant gene. The 
family history reported in the present 
communication suggests, but by no 
means proves, a similar genetic mechan- 
ism as the underlying cause of at least 
one form of hernia. 

Mr. B., was born in Russia of Rus- 
sian parents in 1902, and at the age of 16 
years he was operated on for oblique in- 
guinal hernia on the left side. Whether 
his three sisters, one brother or parents 
ever exhibited any form of hernia he 
does not know. Mrs. B., (b. 1909) is of 
Old American stock. There is no record 
of any form of hernia on her side. 


The first child, a male Rd., was born 
18 February 1933, and was successfully 
operated for oblique inguinal hernia on 
the right side at 614 years of age. 

The next birth yielded monozygotic 
male twins, Rt., and Be., born 19 Octo- 
ber 1937. In November 1941 Be., showed 
definite signs of a commencing oblique 
inguinal hernia on the right side. At the 
date of writing (March 1942) Rt., shows 
no signs of hernia. 

Here then, we appear to have a family 
history which, as Fraser Roberts pre- 
dicted for hernia,? may be interpreted as 
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due to the action of a sex-linked domi- 
nant gene of variable expression. 
There are several features relating to 
this family history of hernia which are 
of interest. All members of the family 
are right-handed, yet while his two sons 
showed the herhia on the right side the 
father had his on the left. As is well 
known, the right testicle descends later 
than the left, and the funicular process 
is therefore obliterated later on the right 
side than on the left, hence hernia is 
more frequent on the right than on the 
left side. Why did the father show his 
hernia on the left while his sons showed 
their’s on the right side? 
Another question of interest to have 
answered is: Why did only one of the 
twins develop hernia and not the other? 
Perhaps this question would be more 
accurately stated in the form, Why has 
only one of the twins thus far developed 
hernia? The answer to this question can 
only be speculative. By every test, ex- 
cept that of mirror-imaging, the twins 
are undoubtedly monozygous. The one 
exhibiting hernia, Be., was, however, 
born 9 minutes later than Rt. At birth 
Be., was found to have his head caught 
between the arm and side of his brother, 
he was considerably the weaker of the 
two, and for three months after birth 
had to receive special attention. These 
facts may, or may not, have some con- 
nection with the fact that Be., was the 
first to develop hernia. It may also be 
that the gene or genes involved have an 
expressive power of considerable varia- 
bility. However this may be, the prob- 
ability of the other twin developing 
hernia in the future is relatively high, 
though there are no external evidences 
of this at present. It will be interesting 
to observe how this boy develops in this 
respect. 
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GENETIC SEGREGATION OF ANTIGENS 


III.—Pictorial Representation of the Antigens of the Blood Corpuscles 
of two Dove Species and their Hybrid, and the Segregation 
of Species-Specific Substances in Backcross Generations 


R. W. Cumtey M. R. 
University of Wisconsin 


ARLIER reports from this labo- 
E ratory have demonstrated pic- 

torially the relationships of the 
cellular antigens of two dove species, 
Streptopelia chinensis (Pearlneck) and 
St. risoria (Ring dove) and their hy- 
brid.'? The ten or more species-specific 
Pearlneck antigens, by which the cor- 
puscles of that species are distinguished 
from those of Ring Dove, were repre- 
sented, in the interests of simplicity of 
delineation, by two symbols.2. And al- 
though the corpuscular antigens held in 
common between the two species are 
thought to be as numerous as, if they do 
not actually exceed in number the spe- 
 cles-specific components, nevertheless the 
common antigens likewise were repre- 
sented with but a single symbol. The 
hybrid was represented as containing the 
common antigen, and only one of the 
Species-specific components of each of 
the two parental species. Furthermore, 
the hybrid possessed in its cells a “hy- 
brid substance” that was not present a3 
such in either parent but which presum- 
ably was produced in the hybrid by the 
interaction of genes that in each parental 
species produced species-specific anti- 
gens. 

In this presentation use has not been 
made of the same symbols as were em- 
ployed in the earlier reports. Further- 
more, the hybrid substance is not depict- 
ed herein, for it would only confuse the 
main issue of this paper, which is to 
demonstrate pictorially the manner in 
which the species-specific antigens segre- 
gate and are transmitted through succes- 
sive backcross generations. 


The ten or more species-specific anti- 
gens of Pearlneck, by which its corpus- 
cles are distinguished from those of Ring 
dove, are each determined by one or 
more genes, presumably on separate 
chromosomes. These antigens have been 
designated d-1, d-2, d-3 . . . d-11.3 In 
Figures 11-16, because of the complexity 
of pictorial representation, only three of 
these segregating antigens specific for 
Pearlneck, as contrasted with Ring dove, 
have been considered. They are d-1, d-2, 
and d-3, and have been symbolized by 
the antigenic structures, “cross,” “T,” 
and “circle,” respectively. 

Figure 11. Details of technic have been 
given in earlier papers.’*5 However, 
it may again be pointed out that the cor- 
puscles of the two species cannot defi- 
nitely be differentiated except by absorp- 
tion of an antiserum to one with the cells 
of the other. Thus, after absorption of 
an anti-Pearlneck serum with the cor- 
puscles of Ring dove, the “reagent” re- 
maining contains antibodies to the differ- 
ent Pearlneck specific antigens above 
mentioned. 

(1) In the present paper the Pearl- 
neck red blood corpuscle is represented 
as having four antigenic structures :— 
the “triangle” is symbolic of the anti- 
gens shared by Ring dove and Pearl- 
neck ; the “cross” symbolizes the antigen, 
specific to Pearlneck, called d-7, the “T” 
symbolizes d-2, and the “circle” symbol- 
izes d-3. 

(2) By immunizing a rabbit with the 
corpuscles of Pearlneck, four kinds of 
antibodies are stimulated in the rabbit, 
each of which is specific to or “fits” a 


*Paper No. 298 from the Department of Genetics, Agricultural Experiment: Station, Uni- 


versity of Wisconsin, Madison, Wisconsin. 


The Journal of Heredity 


(3) 


Immune rabbit serum 
containing the Pearl- 
neck antibodi 
Bleed rabbit the anti-Pearineck 
and collect the 
anti-Pearineck G 
serum 
\6) 
These are Pearineck 
antibodies not 
specifi 
Ring dove antigens LJ 
Add Pearineck 
corpuscles to 
this super- 
natant fluid 
jutination 
of Pearineck 
corpuscles by 
antibodies 
(6a) specific to 
Pearineck 
Pearineck 
corpuscular 
Pearineck - 
dove 


PRODUCTION OF ANTIBODIES 
Figure 11 


For demonstrating the existence of specific antigens in dove hybrids, antibodies are produced 
in rabbits by the injection of the blood of the species and hybrids of doves as charted here. 


See text page 357 and below for details. 


particular antigen in the Pearlneck cells. 

(3) and (3a) The “triangle,” “cross,” 
“T,” and “circle” antibodies are found 
in the serum of the immunized rabbit. 
The Ring dove, however, possesses only 
one antigen, the “triangle,” which will 
fit, or react, with any of the antibodies 
in the immune serum. Ring dove eryth- 
rocytes carry also another antigen, the 
“bar,” which is species-specific for Ring 
dove, and therefore is not found in 
Pearlneck, but this antigen will not unite 
with any of the antibodies of the anti- 
serum to Pearlneck. 

(4) When the corpuscles of the Ring 
dove are added to the anti-Pearlneck 
serum, agglutination occurs. This ag- 
glutination involves only the “triangle” 
antigen-antibody complex, for that anti- 
gen is the only one held in common be- 
tween the two species. The Pearlneck- 
specific antibodies (“cross,” “T,” and 


“circle”) are not “fitted,” for Ring dove 
does not carry their antigenic counter- 
parts. 

(5) and (6) The absorbing mixture 
is centrifuged and the corpuscles are 
thrown down. If sufficient Ring dove 
cells are employed, all “triangle” anti- 
bodies will be used up; and the super- 
natant fluid or “reagent” will now con- 
tain antibodies specific to Pearlneck, as 
contrasted with Ring dove. 

(7) Pearlneck erythrocytes added to 
the above “reagent” are agglutinated by 
virtue of the union of their antigens 
“cross,” “T,” and “circle” with their par- 
ticular antibodies. 

Figure 12 depicts the segregation in 
backcross progeny of the d-1, d-2, and 
d-3 substances. The species hybrid is 
shown to contain all three of these com- 
ponents, as well as the “triangle” anti- 
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ANTIGENS IN A DOVE SPECIES CROSS 
Figure 12 


Diagrammatic outline of cross showing segregation of some of the specific Pearlneck anti- 
gens in backcrosses of the hybrids to Ring dove. Methods of demonstrating the autonomy of 
these antigens are shown in later charts. See text pages 358-9 for details. ; 
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DEMONSTRATING SEGREGATION FOR SPECIFIC PEARLNECK ANTIGENS 
Figure 13 


By progressive absorption of anti-Pearlneck serum from immune rabbits with corpuscles 
of Ring dove and backcross birds, specificity of the ‘d-1, d-2, and d-3 antigens is demonstrated 
in this and the succeeding Figures. See text page 361 for details. 
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Cumley and Irwin: Segregation of Antigens 


and the “bar” antigen which is specific 
for Ring dove. By backcrossing the spe- 
cies hybrid to Ring dove, there should 
be eight different types of offspring pos- 
sible; these are depicted in line 3 of the 
figure. Reading from left to right, the 
first class of offspring shown in line 3 
contains the three characters specific to 
Pearlneck ; the others, respectively, pos- 
sess d-1 and d-2, d-1 alone, d-2 alone, 
d-3 alone, d-1 and d-3, d-2 and d-3, and, 
finally, the class with none of the three 
characters. This last class, shown at the 
extreme right of line 3, contains only 
the “bar” and “triangle” antigens which 
characterize the Ring dove, and there- 
fore may be regarded as a “synthetic” 
Ring dove. It would be possible, of 
course, for a bird of the first backcross 
generation to receive from the species 
hybrid only the chromosomes of the orig- 
inal Ring dove parent, in which case it 
would in reality be a Ring dove. 

By backcrossing to Ring dove the 
birds possessing a combination of d-1 
and d-2 or d-2 and d-3, four types of 
offspring are possible from each mating ; 
viz. those with both characters, those 
with one, those with the other, and those 
with neither; ie. a “synthetic” Ring 
dove is possible as a result of either 
cross. In Line 5 of Figure 12 are shown 
the progeny of such crosses. The off- 
spring shown on the left side of the fig- 
ure resulted from the backcross to Ring 
dove of a bird containing both d-1 and 
d-2, while on the right side of the figure 
a similar cross has produced a segrega- 
tion of the d-2 and d-3 characters. 

The offspring shown in Line 7 of Fig- 

-ure 12 are from matings wherein Ring 

doves have been crossed to individuals 
containing only one of the Pearlneck 
specific characters. When Ring dove is 
mated to a bird containing only d-2, as 
shown on the left, the offspring can be 
of two types only, those with d-2 and 
those without it. Similarly, when Ring 
dove is mated to a bird possessing d-3, 
the only classes of offspring expected are 
those with and those without the d-3 
corpuscular antigen. 

Now, by appropriate breeding proce- 
dures, as outlined in Figure 12, it is pos- 
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sible to produce several families or popu- 
lations which segregate approximately 
equally into those individuals with and 
those without a character specific to 
Pearlneck, as contrasted to Ring dove. 
Such a segregation suggests that a single 
character is present in the cells of those 
which react, and simulates the genetic 
expectation of ratios from mating a 
monohybrid to a recessive. The off- 
spring of any single family may contain 
the d-1 character, others d-2 and still 
others d-3. The question now arises as 
to how we may determine which bio- 
chemical component is present in any 
backcross individual. Making use of the 
fundamental immunological principle of 
the specificity of the antigen-antibody re- 
action, it is possible to make these de- 
terminations in the manner indicated in 
the following figures. 

Figure 13. (1) As stated above, when 
a rabbit is immunized to Pearlneck cor- 
puscles, the resulting immune serum con- 
tains antibodies specific to each of the 
various biochemical substances. 

(2) When the corpuscles of Ring 
dove and those of a backcross hybrid 
containing d-1 are added to the anti- 
Pearlneck serum, the “cross” (d-1) anti- 
gen is fitted to its peculiar antibody 
counterpart. Likewise, the “triangle” 
antigen, common to Ring dove and 
Pearlneck, finds its counterpart. But the 
antibodies specific for the “T” (d-2) 
antigen and the “circle” (d-3) antigen 
are left unfitted. 

(3) and (4) Centrifugation leads to 
the collection of the supernatant “rea- 
gent” which contains only the “T” (d-2) 
and the “circle” (d-3) antibodies. 

(5) This “reagent” does not agglu- 
tinate the cells of Ring dove, because 
antibodies for all components shared by 
Pearlneck and Ring dove have been re- 
moved during the absorption in step 2. 
This test, therefore, is a “negative” con- 
trol, by which we are sure that the anti- 
Pearlneck serum is completely free of 
all antibodies with Ring dove antigenic 
counterparts. 

(6) Another negative control is the 
test of the “reagent” with cells of any 
backcross bird containing the d-1 sub- 
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TEST FOR d-1 AND d-3 ANTIGENS 
Figure 14 


‘rhis is the same as the preceding figure except that the “reagent” is prepared by treating 
with a backcross bird having only the d-2 antigen. This and the preceding chart show that d-1 
is distinct from d-2 and that d-3 is distinct from d-2, but d-1 and d-3 might still be the same. 
Their specificity is proved in Figures 15 and 16. See text page 365 for details. 
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ANTIGENS d-1 AND d-2 DISTINCT FROM d-3 
Figure 15 


A d-3 reagent agglutinates corpuscles of d-1 and d-2 backcross birds, completing the chain 
of evidence that these three antibodies are distinct, See text page 365 for details. 
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DOUBLE ABSORPTION BY BACKCROSS DOVE CARRYING TWO ANTIGENS 
Figure 16 
As would be expected on the basis of the previously charted experiments, corpuscles of a 
backcross dove containing both d-1 and d-2 antigens leaves a “reagent” which will agglutinate 
only corpuscles from a d-3 segregate. Other experiments also confirm that each of these anti- 
gens is a distinct entity with a specific immunological reaction. At least eleven specific antigens 
have been demonstrated in the Pearlneck dove that are lacking in the Ring dove. 
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stance. If agglutination occurs here, we 
know that the antiserum is not complete- 
ly absorbed of its antibodies to d-1 anti- 
gen. 

(7) Corpuscles of birds containing 
the d-2 substance are agglutinated by the 
antibody specific for this antigen, which 
remains in the reagent. In this manner 
we are sure of the existence in the cor- 
puscles of this bird of an antigen differ- 
ent from that (d-1) found in the cor- 
puscles of the bird used in the absorp- 
tion. 

(8) The “reagent” of step 4 contains 
an antibody to d-3, which agglutinates 
its specific antigen. Again, we know that 
the reaction has occurred because of an 
antigen different from that used in ab- 
sorption. Figure 14 will extend our 

roof. 

Figure 14. This figure is the same as 
the preceding, except that here the cor- 
puscles of a bird containing the d-2 anti- 
gen are used in absorption (stép 2), 
leaving antibodies in the “reagent” to 
d-1 and d-3 antigens (steps 3 and 4). 
Further data regarding the individuality 
of d-1 and d-2 are obtained by this ab- 
sorption. After the absorption, the rea- 
gent agglutinates neither Ring dove cells 
(step 5) nor the cells of a d-2 bird (step 
7), but does agglutinate the corpuscles 
of d-1 and d-3 individual (steps 6 and 8). 
_ Thereby in step 6 we learn that cells 
containing the d-1 substance are distinct 
from those containing d-2; and in step 8 
we find that d-2 and d-3 are likewise dis- 
tinct entities since the cells of a d-3 bird 
react with this reagent. In this absorp- 
tion, however, we do not learn whether 
the agglutination of corpuscles of the 
d-1 and d-3 birds are due to union with 
the same or separate antibodies. 

Figure 15. Here the absorption is ac- 
complished with corpuscles containing 
d-3. Agglutinins are left in the anti- 
serum for both d-1 (“cross”) and d-2 

In the preceding figures we have 
shown how an antiserum may be ab- 
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sorbed with the corpuscles of a bird pos- 
sessing d-1, and agglutiniris left in the 
antiserum that are specific for and react 
with d-2 and d-3. Or, by absorbing with 
corpuscles of d-2, agglutinins are left for 
d-1 and d-3, and so on. It is in this man- 
ner, then, that the individualities of the 
three separate antigens here depicted are 
established. 

By an extension of the above technic, 
it is possible to prepare a reagent which 
will identify only one antigen. Figure 16 
shows the steps in the absorption of anti- 
Pearlneck serum with the cells .of Ring 
dove plus those of a bird containing both 
d-1 and d-2. It is apparent from this 
figure that the combination of two anti- 
gens in absorption leaves agglutinins 
only for the d-3 character, attesting 
further to the individuality of the anti- 
gens and antibodies. The results ob- 
tained following multiple absorptions 
with certain combinations of antigens 
have indicated the integrity of most of 
the Pearlneck specific substances. 

By these methods the individuality of 
each of the cellular components of Pearl- 
neck (not in Ring dove) has been dem- 
onstrated. However, it was possible to 
analyze the specific constituents of Pearl- 
neck cells only because of their segre- 
gation in backcrosses of species and 
backcross hybrids to Ring dove. The 
same kind of immunological procedure 
is applicable in testing for segregation of 
components of the serum.® § 
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TUMORS AND SHORT-TOE -- A DIHYBRID 
PEDIGREE 


A Family History Showing the Inheritance of Hemangioma 
and Metatarsus Atavicus_ , 


CATHERINE V. BEERS AND LATHAN A. CLARK* 
The University of Southern California 
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Figure 17 


In this three-generation pedigree, the grandmother (I-3) contributed a short first toe, and 
the grandfather (I-4) a blood-tumor which was transmitted to all his children. While half 
the members of the second and third generations have both characteristics, there is little evi- 


dence of linkage. 


af “HIS report concerns the inheri- 
tance for three generations of hem- 
angioma and a short first toe in 
the same family. In these three gen- 
erations there are seven persons who 
have both hemangioma and short first 
toes. In addition, there are three mem- 
bers with short first toes, five who have 
hemangioma, and only four who have 
neither. 
The hemangiomas or blood tumors ap- 
pearing on the propositus (III-4) of this 
family have been diagnosed as a simple 


type by Dr. Paul O. Greely. Sutton and 
Sutton® give the following general de- 
scription of hemangioma : 


Hemangioma is a localized hyperplasia of 
the cutaneous or subcutaneous blood vascular 
tissue. They are congenital or appear shortly 
after birth, and range from a millimeter to 
many centimeters in size. They are rounded 
or irregular in outline, usually slightly elevated 
and reddish or purplish in color. The sites of 
predilection are the face, head, neck, and arms. 
A hemangioma may be small at birth and grad- 
ually increase to a certain size where they re- 
main stationary or spontaneously undergo in- 
volution and ultimately disappear. 


*The authors express their appreciation for the cooperation of Paul O. Greeley, Ph.D., M.D., 


Associate Professor of Physiology, The University of Southern California Medical School, and 
Gale W. Hunt, M.D. si ‘ 


7 t=) q lo 
So 45044 4o 
7 8 q 10 
a6 '6 28 23 29 2b lo to te 3 


Beers and Clark: Tumors and Toes 


In the family here described, the 
blood tumors are usually pin-head size 
and flat when first noticed at puberty or 
in early adult life. But between thirty 
and forty years of age, the hemangiomas 
commence to grow, raise up, and assume 
a dark reddish color. The tumors tend 
to increase gradually in size and num- 
ber, then after a time new ones cease to 
appear and those already present remain 
stationery. Never, however, have they 
grown larger than a good sized pea on 
any of the members of this family. The 
growth seems to occur most frequently 
on the shoulder region of the back, es- 
pecially among members of the second 
generation where it is fully developed. 

_Cockayne! says, “the abnormality is 
inherited as a dominant, but with a very 
definite though partial limitation to the 
female sex, which is most unusual in the 
case of human abnormalities.” Schein- 
feld* reports that hemangioma is due to 
a dominant gene when it appears on the 
cheek. 


Hemangioma in this family is appar- 
ently inherited as a simple dominant 
character, since (a) it does not skip a 
generation, and (b) each affected indi- 
vidual has a parent with the character. 
One man (I-4) affected with heman- 
gioma has five children, all affected, 
which might indicate that he was homo- 
zygous (no information is available re- 
garding his ancestors). His wife’s fam- 
ily show no evidence of the condition, 
therefore, it is assumed that his children 
are all heterozygous. Six of I-4’s grand- 
children (generation III) are affected, 
two are normal, and two are still young. 
In the three generations nine men and 
three women are affected, but there are 
ten men and only six women in this 
family. In the third generation, two 
women show the tumors and three do 
not (one, III-10 may be too young) ; 
four of the men possess hemangioma and 
one does not (III-8 is only ten years 
old). 

Short First Toe 


The other inherited physical trait ap- 
pearing in this family of three genera- 
tions is a short first toe. Members pos- 
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SHORT FIRST TOE 
. Figure 18 

Due to a short metatarsal bone of the big 
toe, the second toe is from an eighth to a quar- 
ter of an inch longer than the first. This pe- 
culiarity appears to be inherited as a dominant 
character. 


sessing this character have second toes 
which are an eighth to a fourth of an 
inch longer than the big toe, as to ap- 
pears in the photograph of the propo- 
situs. Mercer? gives this description of 
Metatarsus atavicus: “In this anomaly 
the first metatarsal bone is shorter than 
normal and its head is situated behind 
the head of the second and commonly the 
third.” According to Morton® “Short- 
ness of the first Metatarsal bone is indi- 
cated externally when the second toe is 
longer than the first.” ‘Hypertrophy of 
the second Metatarsal is identified by the 
increased width of its shaft compared to 
the three outer Metatarsals.” Dr. Gale 
W. Hunt diagnosed the X-ray pictures 
of the propositus as showing the above 
characteristics. 

One woman (I-3) has a short first toe. 
She has one sister, also three children 
with the short first toe, and a normal son 
and daughter. She was probably hetero- 
zygous. The grandchildren inherited the 
character in the ratio of 6 to 5. This 
condition is more prevalent among the 
men, with seven men and three women 
affected. It is not completely sex-linked, 
however, because in four cases it was 
transmitted directly from father to son. 
In this family, the short first toe is prob- 
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ably inherited as a simple dominant, be- 
cause each affected person has an af- 
fected parent, and there are no skipped 
generations. 


Hemangioma is inherited from the 
grandfather (I-4) and the short first toe 
from the grandmother (1-3). Among the 
children (II), three sons show both 
characters. One son and one daughter 
show only the hemangioma, and none of 
their children (III) show metatarsalgia. 
Among the other grandchildren (III), 
two show both, one shows short first 
toe, and one shows neither. From the 
three heterozygous males in the second 
generation, four out of six of their chil- 
is little evidence in this family to indi- 
cate that linkage exists between heman- 
gioma and short first toe. 


marry unless they manage it before their 
early (statistically probable) deaths. 
Few readers would quarrel with her con- 
clusion that “no girl should marry a man 
she doesn’t love just for the experience 
on the chance that he may not come 
back .. .”, nor with her complementary 
formulation, “But for two people who 
really love each other, even though their 
time together is short, there may be pro- 
found psychic fulfilment in belonging to 
each other honestly and completely as 
marriage alone makes possible.” For the 
more debatable decisions which must be 
made in large numbers by young couples 
who need (but cannot have) more time 
to be sure of the wisdom of their choice, 
Mrs. Taylor makes no single generaliza- 
tion, though her point of view seems to 
be on the side of caution. Even less does 
she attempt to give any general answer 
to the question of whether war brides 
should have babies. But since many will 
have war babies who are deprived of 
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Summary 


1. Hemangioma is inherited as an 
autosomal dominant from a presumably 
homozygous man. 

2. Short first toe is inherited as an 
autosomal dominant from a heterozygous 
woman. 

3. There is no clear evidence of link- 
age between hemangioma and short first 
toe. 
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their fathers, she urges nursery schools, 
playgrounds, and clubs staffed by boys 
and older men as well as by women. 
There is evidently room for more 
thinking and for research on that great 
middle group of young couples whose 
hands are forced over-quickly by the in- 
exorable march of war. Will an inevita- 
ble proportion of failures among such 
marriages be more than balanced by the 
long-term successes, by the even tempo- 
rary sense of fulfillment found in the 
marriages which end quickly in death or 
later in disillusionment? We must also 
add to the plus item in our vital balance- 
sheet the children of sound biological 
stock whose very existence depends upon 
the willingness of their parents to assume 
risks as well as responsibilities. In many 
cases there may be real wisdom in that 
heartening Greek epitaph: 
A shipwrecked sailor buried on this coast 
Bids you set sail. 


Full many a gallant ship when he was lost 
Weathered the gale. 
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2 Material for Demonstrating 
| Salivary Gland Chromosomes 


Interrelated demonstration material — microscopic slides, chromo- 
some maps, lantern slides and literature — make giant chromosomes 


available for classroom use. 
MICROSCOPIC SLIDES OF SALIVARY GLAND CHROMOSOMES 


Slide of Normal Salivary Chromosomes of D. melanogaster, each $2.25 
Three Slides 5.00 
i 4.00 


Slide with drawing identifying all chromosomes in two figures (Female)... 


Slide showing Y-chromosome (Male) 4.00 
Slide showing synapsis of normal and inverted X-chromosome (loop)... 4.00* 
Slide showing figure of an autosomal inversion 4.00* 
Slide showing synapsis of translocated and normal chromosomes... 4.00* 
Slide showing a small deficiency (deletion) 4.00* 
Salivary chromosomes of D. virilis 2.25 
Three Slides 5.00 
2.50 


one Somatic (ganglion) chromosomes of D. melanogaster 
Magnification of at least 1000 X necessary to view satisfactorily.) 


1 Slide = each of above (9 slides—6 drawings) 25.00 


* Three or more slides, 1 of each kind @ $3.50 each. Three or more of same kind 


@ $3.00 each. 
SALIVARY GLAND CHROMOSOME MAPS 
Painter’s cytogenetic map of the salivary chromosomes, 915 by 18 inches, line-cut 
showing major chromosome details and the genes approximately located to end 
of 1934, mailed unfolded 
Bridges’ reference map of the banding of the salivary chromosomes, 9!/, by 25 inches, 
halftone on heavy coated paper, unfolded ‘ 
Bridges’ Revised Map of the X-Chromosome—94” x 18”, unfolded 75 
Folded copies of Bridges’ map, on lighter paper 
Hughes’ map of Salivary Chromosomes of Drosophila Virilis (9% by 18)... ; 
Dobzhansky’s map of Salivary Chromosomes of Drosophila Azteca (94 by ed Oo 75 
1 copy each of Painter’s Hughes’ Dobzhansky’s, and Bridges’ two maps (5 maps in all) 3.00 


LANTERN SLIDES OF SALIVARY CHROMOSOME MATERIAL 


$21-323. Salivary chromosomes in the Nucleus $ .75 
25-464. “Portrait” of a Salivary Gland Chromosome 75 
25-466. Giant Chromosomes Compared with “Normal”, showing relative sizes... .75 
25-469. Synapsis of Normal and Inverted Chromosomes 75 
25-470. Synapsis of Normal and Deleted Chromosomes 75 
25-472. Painter’s Cyto-Genetic Map of Salivary Chromosomes (Insert)... 75 
26-62. Salivary Chromosomes and Gonial Chromosomes Compared —...-......- 75 
26-62. Bridges’ Reference Map of the Salivary Chromosomes of Drosophila. 75 
26-176. Salivary Gland Chromosomes of Sciara Compared with Normal 
26-178. The Entire Salivary Gland Showing Nuclei (Sciara) 75 
26-179. Salivary Gland Chromosomes in the Cell (Sciara) 75 
26-182. Structure of Salivary Gland Chromosomes 75 
27-206. Three Deficiencies of the X-Chromosome 75 
27-305. Map of Salivary Gland Chromosomes of D. Virilis 75 
29-12. Bridges’ Revised Map of the S. G. X-Chromosome 75 
Set of 15 Lantern Slides 9.50 
Any twelve of above lantern slides 8.00 


t Volume and page number of illustration in the JouRNAL OF HEREDITY. 
ILLUSTRATED LITERATURE 


“Symposium Reprint” on Salivary Gland Chromosomes, containing articles from the 
Journat oF Herepity, 1934-1938, by Painter, Bridges, Metz, Mackensen and 
Hughes—four Salivary Gland Chromosome maps, 15 illustrations, 54 pages. $3.00 
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